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Prevention  and  Treatment  of  the  Gastric  Symptoms 
of  Radiation  Sickness 

Andre  Dubois  and  Nancy  Fiala 

Laboratory  of  Gastrointestinal  and  Liver  Studies,  Digestive  Diseases  Division.  Department  of  Medicine, 
Uniformed  Services  University  of  the  Health  Sciences,  and  Department  cf  Physiology,  Armed  Forces 
Radiobiology  Research  Institute,  Bethesda.  Maryland  208 1 4 

AND 

Chester  A.  Boward  and  Victor  Bogo 

Department  of  Behavioral  Sciences.  Armed  Forces  Radiobiology  Research  Institute.  , 

Bethesda,  Maryland  208 1 4 

Dubois,  A.,  Fiala,  N„  Boward,  C.  A.,  and  Bogo,  V.  Prevention  and  Treatment  of  the 
Gastric  Symptoms  of  Radiation  Sickness.  Radial.  Res.  115, 595-604(1988). 

Currently  available  treatments  for  radiation-induced  nausea  and  vomiting  cither  are  ineffec¬ 
tive  or  reduce  performance'  The  new  antiemetic  and  gastrokinctic  agent  zacopride  was  tested 
in  rhesus  monkeys  to  assess  its  behavioral  toxicity  and  its  ability  to  inhibit  radiation-induced 
emesis.  Zacopride  (intragastric,  0.3  mg/kg)  or  a  placebo  was  given  blindly  and  randomly  in  the 
basal  state  and  1 5  min  before  a  whole-body  800  cGy  *°Co  7-radiation  dose  (except  for  the  legs 
which  were  partially  protected  to  permit  survival  of  some  bone  marrow).  We  determined  11) 
gastric  emptying  rates:  (5)  the  presence  and  frequency  of  retching  and  vomiting:  and  13)  the 
effect  of  zacopride  on  the  performance  of  a  visual  discrimination  task  in  nonirradiated  subjects.  • 

No  vomiting,  retching,  or  decreased  performance  was  observed  after  either  placebo  or  zacopride 
in  the  control  state.  Following  irradiation  plus  placebo,  70  emeses  were  observed  in  5  of  6  mon¬ 
keys,  and  353  retches  were  observed  in  all  6  monkeys.  In  contrast,  only  I  emesis  was  observed 
in  I  of  6  monkeys  and  173  retches  were  seen  in  4  of  6  monkeys  after  irradiation  plus  zacopride 
(/*  <  0.01 ).  Zacopride  also  significantly  inhibited  radiation-induced  suppression  of  gastric  emp¬ 
tying  When  given  after  the  first  vomiting  episode  m  a  separate  group  of  irradiated  monkeys, 
zacopride  completely  prevented  any  subsequent  vomiting.  The  present  results  demonstrate  that 
intragastric  administration  of  zacopride  significantly  inhibited  radiation-induced  retching  vom¬ 
iting  and  suppression  of  gastric  empty  i  ng  i  n  rhesus  mon  keys  and  did  not  cause  detectable  behav¬ 
ioral  side  effects  when  given  to  nonradiated  monkeys.  .T  his  observation  has  important  implica¬ 
tions  in  the  treatment  of  radiation  sickness.  c  IWNAcwNRucFimlac. 

INTRODUCTION 

Therapeutic  and  accidental  exposure  to  doses  of  radiation  greater  than  1  SO  cGy 
causes  nausea,  vomiting,  and  suppression  of  gastric  emptying  in  man.  monkeys,  and 
dogs  ( 1-4 ).  in  addition,  the  normally  low  doses  of  radiation  that  may  be  encountered 
in  space  could  play  a  role  in  the  man-space  program,  because  some  of  the  symptoms 
observed  in  space  sickness  and  radiation  sickness  are  similar  (5).  Medications  cur- 
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rently  available  to  treat  radiation-  and  space-induced  nausea  and  vomiting  either  are 
ineffective  or  reduce  performance  ability.  For  example,  we  previously  reported  (4, 6) 
that  metoclopramide,  but  not  domperidone,  effectively  prevents  radiation-induced 
vomiting  in  rhesus  monkeys.  However,  metoclopramide  is  known  to  cause  involun¬ 
tary  movements  in  treated  patients  (7). 

Recently,  several  benzamide  derivatives  of  the  metoclopramide  class  have  been 
introduced  for  the  treatment  of  emesis  and/or  gastroparesis,  and  these  derivatives 
may  not  have  behavioral  side  effects.  Therefore,  we  evaluated  the  action  of  one  of 
these  agents,  zacopride,  on  radiation-induced  vomiting  and  gastric  suppression  in 
rhesus  monkeys.  Specifically,  we  studied  the  possibility  of  preventing  and  treating 
radiation-induced  vomiting  and  suppression  of  gastric  emptying  using  zacopride.  We 
also  determined  the  possible  side  effects  of  this  therapeutic  agent  on  gross  behavior 
and  on  performance  of  a  visual  discrimination  task. 

MATERIAL  AND  METHODS 

Twenty-four  male  domestic  rhesus  monkeys,  Macaca  mulatto,  mean  weight  3. 1  ±  0.2  kg,  were  used  in 
these  experiments.  Monkeys  were  quarantined  on  arrival  and  screened  for  evidence  of  disease  before  being 
released  from  quarantine.  They  were  maintained  in  an  AALAC  accredited  facility  and  were  held  in  individ¬ 
ual  stainless  steel  cages  in  conventional  holding  rooms  maintained  at  21  ±  1*C  with  50  ±  10%  relative 
humidity.  Animals  were  on  a  12-h  light/dark  full-spectrum  lighting  scale  with  no  twilight  and  were  pro¬ 
vided  with  tap  water  ad  libitum,  commercial  primate  chow,  and  fruits. 

After  adaptation  to  a  primate-restraining  chair,  six  monkeys  were  trained  to  discriminate  between  a 
circle  and  a  square  (correct)  randomly  presented  every  10  s  on  backlit  press-plates,  mounted  on  an  eye- 
level  response  panel  ( 8 ).  An  incorrect  response  or  failure  to  respond  within  0.8  s  resulted  in  a  3-mA  shock. 
Incoming  efficiency  on  the  visual  discrimination  task  was  97  ±  2%  in  the  six  monkeys.  Percentage  correct 
choice  was  assessed  during  1 8  min  ( 100  trials)  before,  and  for  1 80  min  ( 1 000  trials)  after,  oral  administra¬ 
tion  of  a  placebo  or  zacopride  (AHR  1 1 190B,  A.  H.  Robins  Co.  Richmond.  VA).  A  repeated  measure 
design  was  used  as  follows:  (a)  baseline  control  without  oral  administration  of  fluid:  and  (b)  blind  adminis¬ 
tration  of  either  0.3  mg/kg  zacopride  in  5%  glucose  solution  or  0.2  mt/kg  of  5%  glucose  solution. 

Twelve  other  chair-adapted  monkeys  were  studied  on  3  separate  days  after  an  overnight  fast  as  follows: 
( 1 )  and  (2)  on  two  control  days  after  random  and  Mind  intragastric  administration  of  cither  placebo  (0.2  ml/ 
kg)  or  zacopride  (0.3  mg/kg),  and  (3)  on  irradiation  day  after  intragastric  administration  of  either  placebo  or 
zacopride  given  blindly  and  in  random  order  1 5  min  before  exposure.  These  doses  of  zacopride  were 
selected  based  on  previous  monkey  expert  menu  (unpublished  observations)  demonstrating  that  these 
doses  did  not  produce  noticeable  side  effects.  Studies  were  performed  in  the  morning  and  started  30  min 
after  drug  administration  and  1 S  min  after  either  sham-radiation  (on  control  days)  or  radiation  exposure. 

On  control  days,  the  animals  were  brought  to  the  exposure  room  and  the  doors  were  dosed  for  3  min. 
but  no  radiation  was  delivered.  On  irradiation  day.  monkeys  were  placed  between  two  large.  lO’-Ci  “Co 
irradiators,  and  the  animals  received  nonuniform  radiation  exposure  through  positioning  of  lead  wall 
shields  in  front  of  and  behind  their  legs  (9).  Phantom  studies  demonstrated  that  a  I  -min  exposure  resulted 
in  midtissue  doses  of 800  eCy  for  torso  and  abdomen.  896  cCy  for  head.  $84  cGy  for  femurs,  and  42$  ctiy 
for  tibiae  (V). 

The  six  remaining  monkeys  were  studied  once  in  the  basal  state  without  treatment  and  again  after  irradi¬ 
ation  as  described  above  but  without  drug  administration  prior  to  exposure.  After  one  episode  of  vomiting 
had  occurred,  0.3  mg/kg  zacopride  was  given  intragas! ricaily,  and  the  study  was  performed  as  described 
above.  If  vomiting  recurred  again  within  3  min  of  zacopride  administration,  a  second  dose  of  medication 
was  administered. 

Each  monkey  was  monitored  for  3  h  on  control  days  and  6  h  on  irradiation  days  using  a  vkkocamcra 
and  a  video  cassette  recorder.  The  videotapes  were  blindly  evaluated  at  a  later  time  for  vomiting,  retching, 
and  any  other  side  effect.  During  this  evaluation,  vomiting  was  defined  as  a  succession  of  strong  and  brief 
contractions  of  thoracic  and  abdominal  muscles  leading  to  the  expulsion  of  gastric  contents  through  the 
mouth:  retching  was  defined  as  nonproductive  vomiting  (4 ). 
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Fig.  1 .  Effect  of  zacopride  on  visual  discrimination  performance.  Six  monkeys  were  tested  repeatedly  at 
2-week  intervals  without  treatment  (baseline),  after  oral  placebo,  and  after  oral  zacopride  administration 
(0.3  mg/kg). 


A  previously  described  and  validated  marker  dilution  technique  ( 10)  was  used  to  determine  concurrently 
gastric  secretion  and  gastric  emptying  during  a  40-min  fasting  period  and  for  60  min  after  the  injection  of 
an  80-ml  water  meal  (postmeal  period).  In  the  present  studies,  as  previously  reported  (4),  this  technique 
was  slightly  modified  in  that  [**mTc]DTPA  (diethylenetriamine  pentacetic  acid)  was  used  as  the  marker 
instead  of  phenol  red.  This  intubation  method  requires  only  the  sequential  sampling  of  the  gastric  contents, 
and  it  permits  the  concurrent  measurement  of  intragastric  volume,  gastric  emptying,  and  gastric  secretion. 
A  1 2-Freneh  double  lumen  nasogastric  tube  was  placed  in  the  stomach  and  its  position  was  verified  by  the 
water  recovery  test  (II).  Starting  4$  min  later,  samples  of  the  mixed  gastric  contents  were  aspirated  just 
before  and  immediately  after  intragastric  administration  of  5  to  20  ml  of  a  [**"TcJDTPA  test  solution  (30 
uC i/100  ml  H;0;  pH  7.4;  37'C).  After  centrifugation  of  the  samples,  the  clear  supernatants  were  assayed 
for  **Tc  concentrations  using  an  autogamma  counter  (1282  Compugamma  LKB  Instruments,  Inc., 
Gaithersburg,  MD)  These  determinations  were  repeated  every  10  min  during  the  basal  period  and  after 
intragastric  instillation  of  an  80-ml  water  meal  containing  (*”*Tc]DTPA  (3  »»Ci/ 100  ml;  pH  7.4;  37’C). 

Intragastric  volumes  of  fluid  (l|.  IV  land  amounts  of**"Tc  (TCi.Tcj,-  •  •)  were  determined  at  the 
time  of  each  sampling  using  the  marker  dilution  principle  (4. 10.  12.  IS).  Fractional  emptying  rate  Or)  was 
then  determined  for  each  10-min  interval  (f)  between  two  dilutions,  assuming  that  emptying  was  a  first- 
order  process  (exponential)  during  a  given  10-min  interval.  However,  since  g  was  allowed  to  vary  from 
interval  to  interval,  no  general  assumption  was  required  regarding  emptying  over  the  total  duration  of  the 
experiment.  We  used  the  following  equation; 

g  -  ~llog^Tc/Tc,)L'(. 

Net  fluid  output  (R,)  in  milliliters  per  minute  was  then  determined  for  the  corresponding  interval,  assum¬ 
ing  that  R ,  remained  constant  over  the  given  interval  and  using  the  equation. 

»Ve*P 'l  Jf/11 -exp  *). 

Intragastric  volumes  of  fluid  and  masses  of  '’Te  were  then  recalculated,  taking  into  account  these  first 
estimates  of  fractional  emptying  and  fluid  output,  which  were  in  turn  recalculated.  This  iterative  process 
was  repeated  until  the  improvement  of  the  solution  was  less  than  I  %  per  iteration. 

These  calculations  were  performed  using  a  locally  developed  program  and  a  POP- 1 0  computer  (Division 
of  Computer  Research  and  1  cchnology.  National  Institutes  of  Health.  Bcthesda.  MD).  The  assumptions 
involved  have  been  described  and  discussed  elsewhere  (10)  and  are  based  on  original  contributions  by 
H tides  and  Dunlop  (12)  and  George  (IS).  However,  in  contrast  to  their  method,  the  present  technique 
allows  correction  for  emptying  and  secretion  that  occur  during  the  I -min  marker  dilution  interval,  and 
this  technique  can  be  applied  during  lasting.  On  irradiation  day.  intervals  with  occurrence  of  vomiting 
were  not  taken  into  account  for  calculation  of. rand  R. . 

Statistical  evaluation  of  visual -discrimination  performance  data  was  asacmed  using  a  two-way  analysis 
of  variance.  The  statistical  significance  of  differences  observed  for  (factional  emptying  rate  and  fluid  output 
was  evaluated  using  a  three-factor  (treatment,  time,  and  monkey)  analysis  of  variance  with  repeated  mca- 
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Fig.  2.  Effect  of  zacopride  on  the  total  number  of  radiation-induced  emeses.  Placebo  or  zacopride  was 
given  intragastrically  30  min  before  irradiation,  and  the  number  of  emeses  was  determined  using  a  video¬ 
tape.  Emesis  was  defined  as  a  succession  of  strong  and  brief  contractions  of  thoracic  and  abdominal  muscles 
leading  to  expulsion  of  gastric  contents  through  the  mouth. 


surcs  on  the  last  two  factors  (10).  This  was  done  using  the  program  LDU-040  (K.  L.  Dom)  and  an  IBM 
370  computer  (Division  of  Computer  Research  and  Technology,  National  Institutes  of  Health,  Bethesda, 
MD).  For  vomiting  and  retching  data,  statistical  analysis  was  performed  using  the  Behrens-Fisher  test  (14). 

RESULTS 

No  vomiting,  retching,  or  other  side  effects  were  observed  after  placebo  alone  or 
zacopride  alone.  Similarly,  zacopride  did  not  significantly  modify  performance  as 
assessed  with  a  visual  discrimination  task  in  nonirradiated  animals  (Fig.  1 ). 

♦  PLACEBO 

*  ZACOPRIDE 


i. 

;  "\ 

*  \  » 

i . i‘ 1  r  t— - . i  r - r - i 

U  aiWMMtlMtaiMUNU 

TM  APTCR  MNAOUIKM  (min) 

ho.  3.  Effect  of  zacopride  on  time  course  of  radiation -induced  emesis.  Placebo  or  zacopride  was  given 
intragastrically  30  min  before  irradiation.  The  number  nf  emeses  as  determined  using  a  videotape  w- 
imaged  for  each  20- mm  period.  Emesis  was  defined  ns  s  sacceswon  of  strong  and  brief  contractions  of 
thoracic  and  abdominal  muscles  leading  to  the  expulsion  of  gastric  contents  through  the  mouth.  Values 
are  means  t  SE. 
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Fig.  4.  Effect  of  zacopride  on  the  number  of  radiation-induced  retches.  Placebo  or  zacopride  was  given 
intragastrically  30  min  before  irradiation,  and  the  number  of  retches  was  determined  using  a  videotape. 
Retching  was  defined  as  a  nonproductive  vomiting. 


Following  irradiation.  70  emeses  were  observed  in  5  of  6  monkeys  after  placebo 
(the  6th  monkey  experiencing  only  retching,  as  described  below),  compared  to  only 
1  emesis  in  1  of  6  monkeys  after  zacopride  (Fig.  2;  P  <  0.01).  As  illustrated  by  the 
time  course  of  emesis  following  irradiation  (Fig.  3),  most  vomiting  occurred  during 
the  first  hour  after  placebo,  whereas  the  only  vomiting  after  zacopride  was  seen  at 
about  2  h.  Similarly,  353  retches  were  observed  in  6  of  6  monkeys  after  placebo  com¬ 
pared  to  173  retches  in  4  of  6  monkeys  after  zacopride  (Fig.  4  \P<  0.01 ).  In  addition. 


me  AFtm  muoiation  tm 


FKj.  S.  Efftd  of  tacopride  on  the  time  course  of  radiation-induced  retching.  Placebo  or  zacopride  was 
given  intragastrimtty  30  min  before  irradiation,  and  the  number  of  retches  determined  using  a  videotape 
was  averaged  for  each  20- mm  period.  Retching  was  defined  as  nonproductive  vomiting  Values  are  means 
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TIME  AFTER  IRRADIATION  (min) 


Fig.  6.  Effect  of  zacopride  administered  after  the  first  emesis  on  the  time  course  of  radiation-induced 
vomiting.  Zacopride  was  given  intragastrically  after  the  first  emesis  had  occurred  (i.e.,  between  SO  and  60 
min  after  irradiation)  and  the  number  of  emeses  determined  using  a  videotape  was  averaged  for  each  20- 
min  period.  Values  are  means  ±  SE. 


most  retching  occurred  during  the  first  hour  after  placebo,  and  zacopride  significantly 
reduced  the  number  of  retches  during  that  period,  but  not  during  the  second  hour 
(Fig.  5).  When  compared  to  placebo  given  before  irradiation,  administration  of  zaco¬ 
pride  to  another  group  of  irradiated  monkeys  after  vomiting  had  started  (i.e.,  about  30 
min  after  irradiation)  significantly  inhibited  the  occurrence  of  retching  and  vomiting 
during  the  subsequent  100  min  of  observation  (retches:  2  vs  84:  emeses:  0  vs  25;  P 
<  0.05).  The  time  course  of  this  effect  is  depicted  graphically  in  Figs.  6  and  7. 

Zacopride  did  not  significantly  modify  fractional  gastric  emptying  (FER)  in  the 
control  state  during  fasting  or  after  a  water  meal  (Table  I).  After  irradiation  plus 
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Fig.  7.  Effect  of  zacopride  administered  after  the  first  emesis  on  the  time  course  of  radiation-induced 
retching.  Zacopride  was  given  intragastrically  after  the  first  emesis  had  occurred  (50-60  min  after  irradia¬ 
tion!.  and  the  number  of  retches  determined  using  a  videotape  was  averaged  for  each  20-min  period.  Values 
are  means  t  SE. 
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TABLE  I 


Effect  of  Zacopride,  Radiation,  and  a  Water  Meal  on  Fractional  Emptying  Rate  (in  %/min) 


Control 

Postirradiation 

Fasting 

Postmeal 

Fasting 

Postmeal 

Placebo 

Zacopride 

3.42  ±  0.92 

4.66  ±  0.49 

4.21  ±0.64 

4.3?  ±  0.69 

1.15  +  0.20* 

2.72  ±  0.84*t 

0.36  ±0.12* 
0.66  ±  0.20*t 

Note.  Values  are  ±SE. 

*  P<  0.05  compared  to  control. 

t  P  <  0.05  compared  to  placebo  using  ANOVA  with  repeated  measures. 


placebo,  gastric  emptying  was  significantly  slowed  during  fasting  and  after  a  meal 
(Table  I;  P  <  0.05),  effects  which  were  significantly  inhibited  by  zacopride  (P  <  0.05). 
However,  irradiation  still  produced  significant  suppression  of  both  fasting  and  post¬ 
meal  FER  even  after  zacopride  ( P  <  0.05). 

DISCUSSION 

In  the  present  studies,  we  determined  the  emetic  and  gastroplegic  effects  of  nonuni¬ 
form  7  irradiation,  studied  the  efficacy  of  zacopride  in  the  prevention  and  treatment 
of  radiation-induced  vomiting  and  gastric  suppression,  and  evaluated  the  potential 
side  effects  of  this  medication  in  the  rhesus  monkey. 

In  the  basal  nonirradiated  state,  intragastric  administration  of  zacopride  did  not 
induce  vomiting,  retching,  or  abnormal  behavior.  In  addition,  zacopride  did  not  im¬ 
pair  performance  on  a  visual  discrimination  task,  demonstrating  that  it  was  not  be- 
havioraiiy  toxic  for  this  task.  This  finding  was  recently  confirmed  using  a  murine 
motor  performance  task  {(15)  and  unpublished  observations).  Determining  if  a  new 
drug  has  behavioral  toxicity  is  important  because  this  side  effect  may  be  as  limiting  as 
the  adverse  effect  (emesis)  the  drug  is  designed  to  treat,  e.g..  in  an  emergency  radiation 
situation  (/6). 

Following  irradiation,  we  determined  the  precise  time  course  of  vomiting  and 
retching  as  well  as  the  alterations  of  gastric  emptying.  Retching  and  vomiting  started 
about  30  min  after  irradiation,  decreased  markedly  after  70  min.  and  disappeared 
after  1 20  min.  The  present  30-min  delay  difters  markedly  from  previous  observations 
of  a  delay  of  almost  I  h  after  irradiation  with  doses  of 400-550  cGy  (2)  and  of  a  delay 
of  less  than  S  min  following  a  dose  of  1200  cGy  { 17 ).  Thus,  the  interval  between 
irradiation  and  vomiting  appears  to  be  inversely  proportional  to  the  dose  received. 
In  contrast,  both  the  emetic  tesponse  and  the  gastric  suppression  were  similar  to  those 
observed  after  total-body  irradiation  in  the  same  animal  model  with  midtissue  doses 
to  the  torso  and  abdomen  identical  to  those  used  in  the  present  experiments  (800 
cGy)  (4).  This  dose  of 800  cGy  was  selected  because  it  was  twice  the  EDW  for  vomiting 
as  previously  determined  by  others  for  monkeys  (2.  17).  However,  due  to  the  expo¬ 
sure  system  chosen  for  the  present  experiments,  the  head  midtissue  doses  were  30% 
higher  than  in  our  previous  studies  (4),  and  the  tibia  and  femur  midtissuc  doses 
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were,  respectively,  47%  and  27%  lower.  Taken  together,  these  data  suggest  that  the 
abdomen  and  torso  are  the  most  important  targets  for  the  initiation  of  the  prodromal 
syndrome. 

In  the  monkey  exposed  to  800  cGy  “Co,  intragastric  administration  of  zacopride 
15  min  before  irradiation  prevented  radiation-induced  vomiting.  In  addition,  zaco¬ 
pride  significantly  inhibited  retching,  although  the  time  course  of  retching  appears  to 
have  been  only  minimally  altered  by  zacopride  (Fig.  5).  Due  to  the  small  number  of 
subjects,  the  difference  did  not  reach  a  level  of  statistical  significance,  but  it  is  probable 
that  the  effect  shown  on  Fig.  5  was  real.  In  addition,  intragastric  administration  of 
zacopride  after  the  first  episode  completely  suppressed  retching  and  vomiting  for  the 
subsequent  100  min.  Since  zacopride  did  not  significantly  modify  radiation-induced 
retching  and  vomiting  from  60  to  120  min  after  exposure,  the  duration  of  the  anti¬ 
emetic  effect  of  zacopride  in  the  present  model  appears  to  be  about  1  h.  Similarly, 
zacopride  inhibited  the  suppression  of  gastric  emptying  induced  by  irradiation  during 
fasting  and  after  the  water  meal.  Thus,  after  irradiation  plus  zacopride,  gastric  empty¬ 
ing  was  decreased  by  only  40%  during  fasting  and  by  85%  after  the  meal.  Since  the 
meal  was  given  about  1  h  after  zacopride,  it  appears  that  the  duration  of  the  gastroki- 
nctic  effect  of  the  drug,  like  that  of  its  antiemetic  effect,  was  approximately  1  h.  Taken 
together,  these  observations  suggest  that  the  current  formulation  of  zacopride  should 
be  administered  twice:  once  before  irradiation  and  once  after  exposure.  Although  the 
improvement  of  gastric  emptying  induced  by  zacopride  using  the  present  frequency 
and  dose  of  administration  is  not  complete,  it  markedly  improves  the  possibility  of 
oral  rchydration  after  exposure  to  radiation.  It  is  most  remarkable  that  zacopride  has 
an  antiemetic  effect  even  when  given  intragastrically  after  irradiation  and  that  it  can 
actually  interrupt  radiation-induced  vomiting  and  retching. 

The  mechanism  by  which  radiation  causes  emesis  and  gastric  inhibition,  as  well  as 
the  mechanism  by  which  zacopride  prevents  these  effects,  remains  hypothetical.  The 
central  nervous  system  appears  to  play  a  pivotal  role  in  radiation-induced  prodromal 
symptoms,  as  suggested  by  the  observed  rise  of  plasma  d-endorphin  following  irradia¬ 
tion  (4 ).  This  rise  is  similar  to  the  one  observed  after  exposure  to  stress  ( 18. 19).  which 
is  known  to  inhibit  gastric  function  {20).  Thus  the  rise  of  plasma  d-endorphin  may 
be  responsible  in  part  for  radiation-induced  vomiting  and  gastric  inhibition,  since 
this  type  of  effect  has  been  observed  after  exogenous  administration  of  opioids  {21). 
Irradiation  could  cause  the  release  of  d-endorphin  or  of  another  humoral  mediator 
by  initially  activating  the  peripheral  end  of  afferent  nerves.  A  direct  effect  of  irradia¬ 
tion  on  the  brain  appears  unlikely  for  at  least  three  reasons.  First,  shielding  of  the  area 
postrema  (chcmorcceptor  trigger  zone)  does  not  prevent  radiation-induced  vomiting 
{22).  Second,  increasing  the  dose  delivered  to  the  head  by  50%  in  the  present  study 
docs  not  modify  significantly  the  symptoms  {4).  Third,  ablation  of  the  area  postrema 
in  cats  docs  not  prevent  radiation-induced  vomiting  {2J).  Zacopride  is  a  benzamidc 
derivative  with  gastrokinctic  properties  which  docs  not  protect  against  emesis  caused 
by  apomorphinc-induced  activation  of  the  dopamine  receptors  of  the  area  postrema 
(24).  However,  intravenous  (iv)  or  intracerebroventricular  zacopride  prevents  emesis 
iiduccd  by  either  iv  chemotherapy  agent  (25).  Since  zacopride  is  not  a  dopamine 
antagonist,  it  is  not  neuroleptic  and  does  not  cause  extrapyramida).  cardiovascular,  or 
autonomic  nervous  system  side  effects.  Given  these  facts,  it  is  probable  that  zacopride 
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prevents  radiation-induced  vomiting  and  retching  by  acting  at  a  site  different  than 
the  area  postrema,  either  centrally  or  at  the  periphery,  but  the  exact  mechanism  of 
action  remains  to  be  defined. 

In  conclusion,  we  observed  that  radiation-induced  emesis  was  accompanied  by 
suppression  of  gastric  emptying  in  monkeys.  In  addition,  intragastric  administration 
of  zacopride  significantly  inhibited  radiation-induced  retching,  vomiting,  and  sup¬ 
pression  of  gastric  emptying.  Although  zacopride  does  not  appear  to  cause  detectable 
adverse  behavioral  side  effects,  further  studies  are  needed  to  confirm  this  perception. 
The  present  observations  have  important  implications  in  the  treatment  of  radiation 
sickness  and  it  will  be  important  to  determine  if  they  can  be  confirmed  in  clinical 
studies. 
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